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ABSTRACT 
This study aims to examine the validity of inverted U-shaped Environmental Kuznets Curve by investigating the 
relationship between economic growth and environmental pollution for the period from 1966 to 2013 in the United 
States. Previous studies based on the assumption of parameter stability and obtained parameters do not change 
over the full sample. This study uses bootstrap rolling window estimation method to detect the possible changes 
in causal relations and also obtain the parameters for sub-sample periods. The results show that the parameter of 
economic growth has increasing trend in 1982-1996 sub-sample periods and it has decreasing trend in 1996-2013 
sub-sample periods. Therefore, the existence of inverted U-shaped Environmental Kuznets Curve is confirmed in 
the United States. 
















In recent years, as a result of increasing economic activities, the scale of the greenhouse gas emissions has reached 
serious levels.  Therefore, the linkage between economic development and environmental degradation has become 
one of the most attractive topics because of the some environmental concerns (global warming, climate change 
etc.). Income-pollution nexus is mostly explained with the Environmental Kuznets Curve (EKC) hypothesis which 
argues that environmental degradation is increased with the first stages of economic growth to a certain point, and 
after turning point, the economic development leads to environmental improvements. Based on the EKC 
hypothesis, the effect of economic development on environment quality is explained with three channels; the scale, 
composition and technique effects. The scale effect of economic activities is shown at the first stage of economic 
development which increases environmental degradation by increasing input usage. On the other hand, the 
composition effect of the economic development exists when economic activities tend to cleaner activities by the 
means of structural changes. In addition, when an economy reach to high income levels, as a result of the increasing 
R&D investments, cleaner and eco-friendly technology becomes more affordable. This situation is called as the 
technique effects of economic development. Based on these channels, it is mostly argued that there is inverted U-
shaped relationship between economic growth and environmental degradation. 
Most of the studies examine the validity of EKC hypothesis by using non-linear empirical model that includes 
CO2 emission as a dependent variable and real GDP and the square of the real GDP as an explanatory variable. 
This approach is based on some assumptions. First, it is assumed that if there is inverted U-shaped relation between 
economic growth and environmental pollution, the parameter of real GDP (square of real GDP) will be positive 
(negative). Second and the more uncertain assumption is that obtained parameters have stable properties and reflect 
whole sample. Based on these reasons, this study aims to examine the relationship between economic growth and 
environmental pollution for the period from 1966 to 2013 in the United States using with bootstrap rolling window 
estimation approach. Using this methodology gives us a chance to determine the effects of economic growth on 
the environmental pollution in sub-sample periods. Therefore, the validity of inverted U-shaped EKC hypothesis 
can be tested more reliably through the obtained parameters of each sub-sample period. 
 
[INSERT FIGURE 1 HERE] 
 
There is some reasons to chosen the United States as the observation country. Firstly, the United States is 
responsible for 21.78 % of global CO2 emissions and has 24.23 % of total world’s wealth for the period from 1966 
to 2013. In addition, it is well known fact that increasing global CO2 emission is largely based on increased energy 
consumption (WDI, 2016). In this regard, according to the U.S. Energy Information Administration (EIA), energy 
consumption of the U.S. is 98.301 quadrillion btu that constitutes 18 % of global energy consumption in 2014. On 
the other hand, the renewable energy sector investments of United States have been increased to improve 
environmental quality in recent years. After 2005, total investments in renewable energy sector of the U.S. are 
374.3 billion U.S. dollars which constitutes 16.5 % share of global renewable energy investments. Moreover, the 
United States is still the leader country in the world in terms of total capacity of biopower generation and 
geothermal power capacity (REN21, 2016). As a shown in Fig.1, total CO2 emissions of the U.S. have generally 
increased from 1980 to 2007 but it has decreasing trend after 2007. However, it is not a certain situation that 
reduced CO2 emission is sourced from whether increasing renewable energy use or financial crisis. 
This study offers multiple advantages. First, this is the first study to examine the relationship between economic 
growth and environmental pollution using with rolling window procedure. Second, using rolling window causality 
method leads to determine the possible changes in causality between environmental pollution and economic 
growth. Third, the effects of economic growth on environmental pollution can be observed for each sub-sample 
period. Fourth, used bootstrapping technique minimizes the distortions sourced from small samples therefore 




The relationship between income and environmental quality is one of the most controversial issues in many fields 
of science because of climate change and global warming problems. Especially in economics, there has been 
rapidly growing literature on this subject for last decades. Grossman and Krueger (1991) firstly found the inverted-
U shaped relationship between income and pollution suggesting that economic growth can improve environmental 
quality. In addition, Shafik and Bandyopadhyay (1992) examined income-environmental degredation nexus for 
149 countries for the period 1960-1990. They used 10 environmental degradation indicators for analysis and 
outcomes of analysis showed that the EKC hypothesis is valid in only two air pollutants-income relationships. 
Panayotou (1993) looked into the validity of the EKC hypothesis using 4 different environmental indicators with 
nominal GDP for 30 developed and developing countries covering the period 1982-1994. The empirical results 
supported the EKC hypothesis. After these pioneering studies about the EKC hypothesis, there have been plenty 
amount of empirical papers which are applied different econometrics techniques and different countries or country 
groups. 
Jalil and Mahmud (2009) utilized the ARDL bound test to probe income-pollution nexus for China for the time 
period 1975-2005 and the results show that the EKC hypothesis is valid. Akbostancı et al. (2009) aimed to examine 
whether the inverted-U shaped relationship between economic growth and environmental degradation exist or not 
for Turkey and its provinces by applying both time series and panel data series methods. According to empirical 
outcomes of these methods, the EKC hypothesis is not valid for Turkey and its provinces. He and Richard (2010) 
explored the link between GDP per capita and carbon dioxide emissions for Canada for 57 years period from 1948 
to 2004. The analysis reveals that the EKC hypothesis does not exist and there is monotonically increasing 
relationship between income and pollution in Canada. Iwata et al. (2010) employed the ARDL bound test to 
analyze the presence of the EKC hypothesis for France spanning period 1960-2003. This study provides evidence 
for inverted-U shaped relationship between GDP per capita and CO2 emissions in France. 
Shahbaz et al. (2013) utilized the ARDL bound test to conduct a study to determine the relationship between 
income and environmental degradation for Romania for the period 1980-2010. According to results, the inverted-
U shaped relationship exists between income and pollution. Tiwari et al. (2013) investigated the dynamic 
relationship between economic growth and carbon dioxide emissions using annual time series data for India 
covering the period 1966-2009. The empirical evidence of ARDL bound test show that the EKC hypothesis exists 
in India. Shahbaz et al. (2014) probed the economic growth-CO2 emissions relationship for Tunisia for 1971-2010 
periods. ARDL bound test results show that the EKC hypothesis is valid. Ahmed (2013) examined the impacts of 
economic growth on environmental quality for Mongolia for the period 1980-2010. The EKC hypothesis is 
supported for Mongolia. Onafowora and Owoye (2014) applied the ARDL bound test to investigate the existence 
of EKC hypothesis for Brazil, China, Egypt, Japan, South Korea, Mexico, Nigeria and South Africa covering the 
period 31 years from 1970 to 2010. According to empirical results, the EKC hypothesis is confirmed for only 
Japan and South Korea. Lapinskiene et al. (2014) investigated the presence of EKC hypothesis for 29 EU countries 
in the period of 1995-2010. Farhani et al. (2014) aimed to explain the income-pollution relationship for 10 MENA 
countries over the period of 1990-2010 using panel data methods in the context of EKC hypothesis. The empirical 
results reveal that there is an inverted-U shaped relationship between economic growth and CO2 emissions for 
these countries. Lau et al. (2014) aimed to explore the income-pollution relationship for Malaysia spanning period 
1970-2008 using ARDL method. The validity of EKC hypothesis is confirmed. 
Al-Mulali et al. (2015) examined the effects of economic growth on CO2 emissions in Vietnam from 1981 to 2011 
applying the Autoregressive Distributed Lag (ARDL) methodology. The results reveal that EKC hypothesis is not 
valid. Ozturk and Al-Mulali (2015) tested the existence of EKC hypothesis in Cambodia for 1996-2012 periods 
applying TSLS and GMM method and the EKC hypothesis is not valid. Baek (2015) examined the impacts of 
economic growth on CO2 emissions for Arctic countries (Canada, Denmark, Finland, Iceland, Norway, Sweden, 
U.S.) using annual time series data for each countries spanning periods 1960-2010. According to ARDL bound 
test results, the EKC hypothesis is not valid for U.S. Shahbaz et al. (2015) probed the inverted-U shaped 
relationship between economic development and environmental degradation for Portugal for the period 1971-
2008. The ARDL bound test results supported the existence of EKC hypothesis for Portugal. Apergis and Ozturk 
(2015) investigated the economic growth-environmental degradation relationship for 14 Asian countries during 
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period 1990-2011. It is utilized GMM panel data method and results confirmed the existence of EKC hypothesis 
for these countries. Al-Mulali et al. (2015) tested the validity of EKC hypothesis positing the inverted-U shaped 
relation between economic growth and pollution for Kenya covering the period 1980-2012 by using ARDL bound 
test.  According to this study, the existence of EKC hypothesis is supported for Kenya. 
Apergis (2016) searched the validity of EKC hypothesis in 15 countries for the period of 1960-2013 using with 
second generation panel data methods and found the evidence that the inverted U-shaped relationship between real 
income and CO2 emission is supported. Saboori et al. (2016) analyzed the effects of economic growth on 
environmental pollution for Malaysia spanning period 1980-2008 by utilizing ARDL bound test. The existence of 
the EKC hypothesis is proved. Alam et al. (2016) employed the ARDL bound test to clarify the relationship 
between economic growth and carbon dioxide emissions for Brazil, China, India and Indonesia by using time 
series data during the period 1970-2012. The results suggest that the EKC hypothesis is confirmed in some 
countries. Shahbaz et al. (2016) aimed to probe the validity of EKC hypothesis implying the inverted-U shaped 
relation between GDP growth and environmental pollution for 19 African countries for the time period 1971-2012. 
The ARDL bound test results suggest that the EKC exists in Africa, Algeria, Cameroon, Congo Republic, 
Morocco, Tunisia and Zambia. Li et al. (2016) applied panel data method to examine the relationship between 
income and pollution indicators (CO2, waste water and waste solid emissions) for 28 provinces of China during 
period 1996-2012. EKC hypothesis is confirmed for these relationships. Osabuohien et al. (2016) used the panel 
data method to explore the reality of EKC hypothesis for 50 African countries for the period 1995-2010. The 
results show that the EKC hypothesis is valid for African countries. Al-Mulali and Ozturk (2016) purposed to 
search the relationship between economic development and environmental degradation in the context of the EKC 
hypothesis for 27 developed countries for the period 1990-2012 by applying panel data methods. The empirical 
results prove the inverted-U shaped relation between income and pollution which shows the presence of the EKC 
hypothesis. Ozokcu and Ozdemir (2017) tested the validity of the EKC hypothesis for separately 26 OECD 
countries and 52 emerging countries covering period 1980-2010. According to panel data methods, the hypothesis 
is not supported for these two sample countries.  
3.Data and methodology 
The data used in this study consists of annual observations from 1966 to 2013 for the United States. The real gross 
domestic product per capita (GDP) is measured in constant 2010 US dollars and CO2 emission per capita (CO) is 
measured in metric tons per capita. Both the GDP and CO data are retrieved from World Development Indicators. 
All variables are used in natural logarithmic form in empirical analyses. 
In order to determine the validity of Environmental Kuznets Curve hypothesis, we first utilized with full sample 
bootstrap causality of Hacker and Hatemi-J (2006) which is generally used in empirical analysis to investigate the 
relationship between economic growth and CO2 emissions. The full sample bootstrap causality method is a 
modified version of causality method of Toda and Yamamoto (1995) which allows to investigating the causal 
relationship between variables whether the variables are cointegrated or non-cointegrated. In addition, the critical 
values of test are obtained from bootstrap testing procedure of Efron (1979). In the first step of this methodology, 
consider the vector autoregressive process as follows; 𝑦𝑡 = 𝜑0 + 𝜑1𝑦𝑡−1 +⋯+𝜑𝑝𝑦𝑡−𝑝 + 𝜀𝑡,   𝑡 = 1,2, … , 𝑇                                                               (1) 
where p is the lag order, 𝜀𝑡 = (𝜀1𝑡 , 𝜀2𝑡)′ is zero mean white noise process with covariance matrix Σ. 𝑦𝑡  is splited 
in two vectors; CO (𝑦1𝑡) and GDP (𝑦2𝑡) and finally obtain; [𝑦1𝑡𝑦2𝑡] = [𝜑10𝜑20] + [𝜑11(𝐿) 𝜑12(𝐿)𝜑21(𝐿) 𝜑22(𝐿)] [𝑦1𝑡𝑦2𝑡] + [𝜀1𝑡𝜀2𝑡]                                                                         (2) 
where 𝜑𝑖𝑗(𝐿) = ∑ 𝜑𝑖𝑗,𝑘𝐿𝑘𝑝𝑘−1 , 𝑖, 𝑗 = 1,2 and 𝐿 is the lag operator. The null hypothesis of real GDP (GDP) does 
not Granger-cause environmental pollution (CO) can be examined by imposing zero restrictions 𝜑12,𝑖 = 0 for 𝑖 =1,2, … , 𝑝 and the null of environmental pollution (CO) does not Granger-cause real GDP (GDP) can be computed 
by imposing zero restrictions 𝜑21,𝑖 = 0 for 𝑖 = 1,2, … , 𝑝.  
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In empirical analysis, researchers call different methods (splitting the sample into pieces, using dummy variables 
etc.) to determine the structural changes. This study uses rolling window causality method of Balcilar et al. (2010) 
to consider the changes of causal relationship between economic growth and environmental pollution for sub-
sample periods. Balcilar et al. (2010) utilized above methodology of Hacker and Hatemi-J (2006) and developed 
a causality method to investigate the bootstrap causality in rolling window sub-samples for 𝑡 = 𝜏 − 1 + 𝑙, 𝜏 −1,… , 𝜏, 𝜏 = 𝑙, 𝑙 + 1,… , 𝑇,  where 𝑙  is the rolling window. Possible changes in the causal connections between 
growth and CO2 emissions are determined with computing the bootstrap p-values of LR-statistic rolling through 
T-1 sub-samples. Furthermore, the effect of economic growth on environmental pollution is calculated as 𝐵−1∑ ?̂?21,𝑘∗𝑃𝑘−1  with ?̂?21,𝑘∗  obtained from bootstrap estimation of vector autoregressive (VAR) model by Eq.2 and 𝐵 is the bootstrap repetition number. Similarly, the effect of environmental pollution on economic growth is 
computed as 𝐵−1∑ ?̂?12,𝑘∗𝑃𝑘−1  where ?̂?12,𝑘∗  is obtained from bootstrap estimation of VAR model by Eq.2 and 𝐵 
refers to bootstrap repetition number. 
4. Empirical results 
To investigate the relationship between economic growth and environmental pollution, we first test the stationary 
properties of economic growth and CO2 emission series using with unit root test developed by Carrion-i-Silvestre 
et al. (2009). The results of unit root test are shown in Table 1. According to the results, the null of unit root is not 
rejected in the level form of variables while all series become stationary in first differenced form. Table 1 also 
presents that the break dates of both economic growth and CO2 emissions are 1973, 1979 and 2007 which indicates 
the two oil crises and financial crisis, respectively. 
 
[INSERT TABLE 1 HERE] 
 
We also examine the stationary properties of variables with non-linearity assumption using with the non-linear 
unit root test (KSS unit root test) developed by Kapetanios et al. (2003). Table 2 presents that the null hypothesis 
of unit root process is not rejected however the null hypothesis can rejected and both variables have become 
stationary for the level form of the variables. It can be said that real income and carbon dioxide emission are 
integrated of order one for both linear and non-linear assumption. 
 
[INSERT TABLE 2 HERE] 
 
 
After determining the integration level of variables, we used full sample bootstrap causality method to examine 
the causal relationship between economic growth and environmental pollution. The results are illustrated in Table 
3. According to the findings, the null of economic growth does not Granger-cause environmental pollution is not 
rejected while the null of environmental pollution does not Granger-cause is rejected. Therefore, we concluded 
from full sample bootstrap causality test, economic growth has predictive power on environmental pollution. 
 
[INSERT TABLE 3 HERE] 





The previous studies are based on full sample relationship between economic growth and environmental pollution 
with the assumption of stable parameters. We used LC test of Hansen (1992) to examine the stability properties of 
long-run parameters of cointegrated VAR model and also utilized with Sup-LR, Exp-LR and Mean-LR tests of 
Andrews (1993) and Andrews and Ploberger (1994) to investigate the stability properties of short-run parameters. 
The results of stability tests are shown in Table 4. Sup-LR, Exp-LR and Mean-LR tests show that the short-run 
parameters confirm the short-run parameter stability while the null of long-run parameter stability is rejected based 
on the results of LC test. Overall, the findings of previous studies which assume the long-run parameter stability 
may not be reliable because estimated parameters of cointegrated VAR model are not stable and obtained 
parameters do not reflect full sample. 
Based on above reasons, the main aim of this study is to examine the causal relationship between economic growth 
and environmental pollution in sub-sample periods and investigating the validity of Environmental Kuznets Curve 
hypothesis by rolling sample coefficients. The bootstrap p-values of observed LR statistics are computed rolling 
through all sample period from 1966 to 2013. For this, the model in Eq. 2 is estimated for a time span of 15 years. 
The results of rolling window estimation are shown in Figure 2. In Panel a of Fig. 2, it can be seen that economic 
growth causes CO2 emission in 1982-1987, 1996, 2004 and 2009 sub-sample periods. In addition, the results from 
Panel b of Fig.2 shows that CO2 emission causes economic growth in 1984-1987, 1994, 1996 and 2009 sub-sample 
periods. The results of the Panel c of Fig.2 show that the effect of economic growth on environmental pollution is 
negative in 1982-1991 sub-sample periods. After this period, the coefficient of economic growth on environmental 
pollution is positive in 1993-2004 sub-sample periods and it becomes negative in 2006-2013 sub-sample periods. 
When the effect of economic growth on environmental pollution is evaluated in terms of trend, we can see that it 
has an increasing trend from 1982 to 1996. After the peak, the effect of economic growth on CO2 emission has 
decreasing trend. These findings indicate that there is an inverted U-shaped relationship between economic growth 
and environmental pollution. It is also concluded from Figure 2, the impact of CO2 emission on economic growth 
is negative for most of the sub-sample periods.  
 
[INSERT FIGURE 2 HERE] 
 
5. Conclusions and policy implications 
This study examines the existence of inverted U-shaped EKC hypothesis for the period from 1966 to 2013 in the 
US. In doing so, the relationship between GDP per capita and CO2 emission per capita using with bootstrap full 
sample and sub-sample causality methods. The unit root test of Carrion-i-Silvestre et al. (2009) is used to determine 
the order of integration of the variables under multiple structural breaks. To take into account the possible non-
linearity of the series, the unit root of Kapetanios et al. (2003) is employed. In addition, the parameter stability 
tests are utilized to examine the constancy of both short-run and long-run parameters constancy.  
First, the findings from unit root test show that the variables are stationary at first differenced form and the breaks 
are found in 1973, 1979 and 2007 which indicates two oil crises and global financial crisis, respectively. According 
to the results of the full sample bootstrap approach, we found unidirectional causality from GDP to CO2 emissions. 
However, the result of parameter stability tests confirms the long-run parameter instability of the estimated VAR 
models and it is concluded that the results of full sample causality method will not give reliable information about 
the nexus. Finally, the results of the bootstrap sub-sample causality method show that GDP causes CO2 emissions 
in 1982-1987, 1996, 2004 and 2009 sub-sample periods. The environmental degradation causes economic growth 
in 1984-1987, 1994, 1996 and 2009 sub-sample periods. Based on the main aim of this study, when the coefficients 
of GDP on CO2 emissions are evaluated, it seems the effect of economic growth on environmental degradation 
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has increasing trend in 1982-1996 period, and has decreasing trend in 1996-2013 period. Therefore, the inverted 
U-shaped EKC hypothesis is confirmed.  
Our empirical results implied that the US government seems to have achieved environmental pollution reduction 
policies along with economic growth. Based on this situation, existing environmental regulatory policies need to 
be maintained. In addition, it is necessary to adapt the increasing national income to environmentally friendly 
technologies and to allocate resources to investments especially in the renewable energy sector. 
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